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Tackling Wicked Problems from the Australian Public Service

Commission:

« Wicked problems have many interdependencies and are
often multi-causal — there may be conflicting goals for those
Involved

« Attempts to address wicked problems often lead to
unforeseen consequences — wicked problems exist in
complex systems that exhibit unpredictable, emergent
behavior

* Wicked problems are often not stable — understanding of the
problem is constantly evolving

* Wicked problems usually have no clear solution — there is no
right or wrong response, although there might be worse or
better responses

* Wicked problems hardly ever sit conveniently within the
responsibility of any one organization — these problems cross
governance boundaries



Humans as Sentinels of Emerging
Zoonotic Disease Spread
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Antimicrobial Resistance: Implications for the Food System
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* No one discipline is trained to
engage such complex public
health problems

* NoO one agency or organization
can control such problems



Frustration Poor cooperation
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A One Health approach gains cooperation from all parties involved and employs
public health, veterinary health, and environmental health approaches to bring
balance to solving difficult public health problems




Confronting Complex Public Health Problems: The
Development of Interdisciplinary Research

David R. Holmes
Journal of Public Health Policy

Vol. 2, No. 4 (Dec., 1961), pp. 361-381

Published by: Palgrave Macmillan Journals
DOl 10.230

Stable URL: http:/fiwww jstor.org/stable/3342477
Page Count: 21

“...Interdisciplinary research (in contrasts to multi-disciplinary research)...is
more team-oriented, and its primary distinguishing features are a shared
definition of the problem that permeates the total research process and a final
product which blends the various contributions so that neither the identity
nor the disciplinary background of the individual authors can be
determined.... the research team structures the problem and draws on
appropriate tools and techniques from each of their fields, sometimes
inventing new methods to cope with those questions which inevitably will
cross disciplinary lines.”
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One Health
Commission

WHY ONE HEALTH?

LEADERSHIP

SPONSORS

IMPROVING THE HEALTH OF PEOPLE,
ANIMALS, PLANTS AND OUR ENVIRONMENT

Sponsors

Become a sponsor of the One Health
Commission. Apply your passion and
sKills to improving the health of humans,
animals, plants and the environment.

Sponsorship opportunities

Support the Commission by registering

STUDENT One Health Initiatives
STUDENT Listserv Sign-up
STUDENT One Health FACEBOOK Page

STUDENT Future Leaders in One Health
LinkedIn Page

ONE HEALTH NEWS

Cheryl Stroud, DVM, PhD

A& | About Us | Contact Us

Search A

World Health Through Collaboration

COMMISSION NEWS

N

07/13115 Extraordinary One Health
Leader Awarded Gold Headed
Cane (USA): an internationally
recognized physician virologist
and vaccine developer
Dr. Thomas P. Monath [MD,
FACP....

07/02115 OIE Press release: Public
health, animal health and
security sector must speak

iith one voice an the needto

EVENTS/CALENDAR RESOURCES

OH Public Service Announcement
Bat Rabies Posters

1st Int! Who's Who in OH Webinar
OHC Action Teams

OHC Letter to The White House

HICHE >

One Health Hot Topics

——

**** HOT TOPICS ****

WHO report urging action on Neglected
Zoonotic Diseases. Chapter 2 focuses
on "The value of intersectoral working -
One Health”

Seven US Senators send One
Health Congressional Letter to White
House, February 2015




Now nearly 2000 “One Health” citations in PUBMED as if 12/8/15

PUbQEdQ{DU | PubMed v| "DI"IE HEE|th"|

LS Mationsl Lib f Medici

Namf.i;ﬁ"nlm:nlﬁ;ﬂqeanf - Create RSS  Create alett  Advanced
Article types Summary ~ 20 per page ~ Sort by Most Recent =
Clinical Trial

Review

Systematic Reviews Search results

Customize ..

Items: 1 to 20 of 1981

:'j NCBlI Resources ¥ How To [V

PubfQederr  [Puomed ||

US National Library of Medicine
National Institutes of Health Advanced

Abstract - Send to: «

Emerging Viral Diseases: The One Health Connection: Workshop Summary.
Forum on Microbial Threats; Board on Global Health; Institute of Medicine.

Washington (DC). Mational Academies Press (US); 2015 Mar.
The MNational Academies Collection: Reports funded by National Institutes of Health.

Excerpt

In the past half century, deadly disease outbreaks caused by novel viruses of animal origin — Nipah virus in Malaysia, Hendra virus in Australia,
Hantavirus in the United States, Ebola virus in Africa, along with HIV (human immunodeficiency virus), several influenza subtypes, and the SARS
(sudden acute respiratory syndrome) and MERS (Middle East respiratory syndrome) coronaviruses — have underscored the urgency of
understanding factors influencing viral disease emergence and spread. Emerging Viral Diseases is the summary of a public workshop hosted in
March 2014 to examine factors driving the appearance, establishment, and spread of emerging, re-emerging and novel viral diseases; the global
health and economic impacts of recently emerging and novel viral diseases in humans; and the scientific and policy approaches to improving
domestic and international capacity to detect and respond to global outbreaks of infectious disease. This report is a record of the presentations and
discussion of the event.

Copyright 2015 by the National Academy of Sciences. All rights reserved.



One Health Research Publications
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ECOHEALTH

International Journal of One Health

Open access and peer reviewed journal on Human, Animal and Environmental health

One Health Journals

O P & Kok 5 Phkh @ Pl P

T @ springer

Infection Ecology and Epidemiology The One Health Journal (Sweden)
http://www.infectionecologyandepidemiology.net/index.phpl/iee

EcoHealth
http://www.springer.com/public+health/journal/10393

International Journal of One Health (India)
http://www.onehealthjournal.org/

One Health Official Journal of the One Health Foundation
http://www.journals.elsevier.com/one-health

5 INFECTION ECOLOGY &
EPIDEMIOLOGY
€ THE ONE HEALTH JOURNAL

Abstracted from http://www.onehealthinitiative.com/journals.php Aug 20, 2015



http://www.infectionecologyandepidemiology.net/index.php/iee
http://www.springer.com/public+health/journal/10393
http://www.onehealthjournal.org/
http://www.journals.elsevier.com/one-health
http://www.onehealthinitiative.com/journals.php Aug 20

One Health Conferences
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Agencies which have funded or are planning to fund One
Health research or training grants

Gates Foundation

USAID EPT-2 Program

World Bank

US Department of Defense Global Emerging Infections
Surveillance

US State Department

US Department of Homeland Security

US Defense Threat Reduction Agency (STEP)

US NIH National Institute of Allergy and Infectious Diseases
US NIH Fogarty International Center

UK Research Council

UK Department of International Development




Are there Job Opportunities in One Health?

* One Health postdoc plmOHItOI’
Kunshan China (now x 2 yrs) fttecotens

* One Health postdoc D43
Ulaanbaatar, Mongolia (May
2016 x 2 yrs)

* One Health Masters study
coordinator Duke University
(now)

* One Health Masters study
coordinator Duke-NUS
Singapore (now)

Epﬂunin




One Health Training



THE OHIO STATE UNIVERSITY CVM Email CVM Community Library C; AUBURN UNIVERSITY College of Veterinary Medicine
COLLEGE OF VETERINARY MEDICINE Lot

One Health Center of Excellence
for Research and Training

The Center of Excellence in One Health, based at the Em Pathogens
Institute, serve: f apidly expanding U
in One Health, as well as a hub for encourag

“‘3;}.‘,1‘::5‘:‘“’ Veterinary Medical Center  Departments & Offices  Education  Research  Alumni G|
research activities in this field
I [ About Us Collaborating Institutions Research Training Programs News Photos "One Health" at the College of Veterinary Medicine

One Health” explores efforts to address the links between animal health, human healtn, and our envirenment

ALUMNIL FRIENDS ©  CLIENTS ©  EMPLOYEFS ®  FUTURESTUDENTS ~  STUDENTS ~ VETERINARIANS

am

At Onie State, the concept of one health allows us to address a triple threat to Nealth in an integrated way. The College of Veterinary Medicine recognized
importance of addressing issues in animal health, human health and environmental Nealtn. We are expanding several pregrams te meetthe challenge|
areas.

First Students Graduate
with a MHS—EGH,
Concentration in One

< Health

The One Health Initiative is a national effort that is bringing together “collabarative efforts of multiple disciplines working locally, nationally, and globally 1d
optimal health for peaple, animals, plants and our enviranment,

][ University of lllinois at Urbana-Champaign
College of Veterinary Medicine
About Us

S EOMEDICAL SCENCES OUR ENVIRONMENT AT BERKELEY

UNIVERSITY Center for One Health lllinois DEPARTMENT OF ENVIRONMENTAL SCIENCE, POLICY, AND MANAGEMENT

&, About Us 7& Educaton s Animal Care 4 Research The Center for Gne Health lllinois (COHI) focuses on fostering
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U. S. universities promoting
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= Research Teams
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About the College of
Veterinary Medicine
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News
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at the human-animal interface

[ v— "Between animal and human medicine there is no dividing line ~
Areas of Study nor should there be. The object is different but the experience
obtained constitutes the basis of all medicine.”

- Rudolf Virchow (1821-1902)

« An international leader in Canary Database Clinical collaboration betwsen

+ A driving force for

By Mary Leigh Merrill, Univ. of Florida



One Health and Academic
Institutions

51 academic institutions have
some sort of a One Health
program

* 9O Institutions have certificate,
masters, or PhD programs in
One Health

From a WWW searc h Aug 2015



Universities Around the World with
One Health Programs (as of June 2014)
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By Mary Leigh Merrill, Univ. of Florida



North Carolina One Health
Collaborative

f =

We can be found at:

Home

History

About The Collaborative
IEG Lecture Series
Course Offering

One Health News
Additional Resources
Events

Contact Us

One World, One Health

The One Health discussion series is open to the public and brings together public health
professionals, physicians, veterinarians, environmental researchers and other global health
professionals to discuss current research relevant to One Health issues. The Intellectual Exchange
Group Series is available to professional and graduate students who wish to participate for credit.
The spring semester course is cross-listed at Duke, UNC, and NC State.

Course Overview

This interdisciplinary course wil introduce the concept of One
Health as an increasingly important approach to a holistic
understanding of disease prevention and the maintenance of
human and animal health. The list of topics wil include a
discussion of bidirectional impact of animal health on human
health, the impact of earth’s changing ecology on health,
issues of food and water security and preparedness, and the
benefits of comparative medicine.

Course Objectives

Students will be able to

1. Describe how different disciplines contribute to the
practice of One Health.

2. Discuss how interdisciplinary interventions can improve

For more information,
please contact:

Duke: Chris Woods
chris.woods@duke.edu

UNC: Mamie Sackey Harris,
msharris @med.unc.edu

NC State: Suzanne Kennedy-
Stoskopf,
suzanne_stoskopf@ncsu.edu



One Health Training Program .

4 graduate courses at Duke during May (3 wks)

» An Introduction to One Health Problem Solving (2 credits)

» Public Health Laboratory Techniques (1 credit)

» An Introduction to Entomology Zoonotic Diseases & Food Safety (3 credits)
» Introduction to Environmental Health (3 credits)
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One Health and Influenza



Influenza Viruses

*Type A

 Humans, domestic and wild animals
“*Type B

 Humans, pigs, seals
*Type C

 Humans, pigs (mild disease in man)
*Type D

 Cattle, pigs, goats, sheep, humans (mild
disease in man)



18 H types —types 1, 2, and 3 in man

Lipid bilayer

v

Hemagglutinin

[H]\-\"\A

RHA
and
Protein

Hatrix protein

Heuraminidase

(N)

11 N types —types 1 & 2 found in man

From www.ultranet.com/~jkimball/BiologyPages/ F/FluVirion.qgif



Host Species for HA and NA Subtypes
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Swine

Marine Mammals

Poultry
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From http://vet.osu.edu/preventive-medicine/aieerp-background-information-animal-influenza




Found first evidence that camels may play arole in the
ecology of equine influenza

DISPATCHES

Equine Influenza
A(H3N8) Virus
Isolated from
Bactrian Camel,
Mongolia

Myagmarsukh Yondon, Batsukh Zayat,
Martha I. Nelson, Gary L. Heil,
Benjamin D. Anderson, Xudong Lin,
Rebecca A. Halpin, Pamela P. McKenzie,
Sarah K. White, David E. Wentworth,
and Gregory C. Gray

Because little is known about the ecology of influenza
viruses in camels, 460 nasal swab specimens were collect-
ed from healthy (no overt iliness) Bactrian camels in Mongo-
lia during 2012. One specimen was positive for influenza A
virus (A/camel/Mongolia/335/2012[H3N8]), which is phylo-
genetically related to equine influenza A(H3N8) viruses and
probably represents natural horse-to-camel transmission.

ince the first isolation in 1963 of an avian-origin in-
fluenza A(H3N8) virus from horses (7). subtype H3NS8

Emerging Infectious Diseases » www.cdc.gov/eid = Vol. 20, No. 12, December 2014

A/PR-8/34 + A/USSR/77, generated in a Soviet lat

tory and administered to humans in Mongolia and ‘i

sibly transmitted from vaccinated humans to camels

reactivated form (5.6). However. only 1 genetic sequ

from this outbreak among camels is available in ¢

Bank: A/camel/Mongolia/1982/HIN1. Despite repors
serologic activity against influenza A virus among ca
in several African countries (7.8). the lack of isolate
rus from these populations highlights how little is known
about the ecology of influenza viruses in camels. Ques-
tions about the potential role of camels in human cases
of Middle East respiratory syndrome (9) further highlight
our lack of knowledge of infectious diseases in camels
and the merits of increased surveillance at this unique hu-
man-animal interface.

Since January 2011, swveillance of equine influenza
viruses has been enhanced in 3 Mongolian aimags (prov-
inces). Surveillance among camels was also initiated in re-
sponse to anecdotal reports of signs of respiratory illness
in Bactrian camels (Camelus bactrianus). We describe the
isolation, full-genome sequencing, and phylogenetic char-
acterization of an influenza A(H3NS8) virus of equine lin-
eage isolated from a Bactrian camel. thereby identifying a
novel route of influenza virus interspecies transmission and
raising further questions about influenza A virus ecology in
understudied regions such as Mongolia.

CopyrightGreg Gray.



Minimizing Novel Influenza
Generation and Spread in Modern
Agriculture is a Wicked Problem



Are the Influenza A currently reservoired
INn animals zoonotic In nature

* Avian - Yes

* Swine - Yes

* Equine - Yes

» Canine — Not yet
 Marine mammal — Not yet



Swine Influenza




Family Farm
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Total number of hog operations
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=== Total number of operations 1 900
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Adapted from US Department of Agriculture, National Agricultural Statistics
Service.Historical data. Available at: www.usda.gov/nass/pubs/histdata.htm.



Intensive Swine Production & SIV

« SIV is endemic where modern production
facilities are common

* Risk factors for sow-herd SIV seropositivity - pigs
density, an external source of breeding pigs, total
animals on the site, and closeness of barns

* Risk factors for finisher-herd SIV positivity - SIV
positive sows, large herd size, high pig farm
density, and farrow-to-finish type of farm.

Influenza Other Respir Viruses. 2008 May;2(3):99-105
Can J Vet Res. 2008 Jan;72(1):7-17



Pigs may often be involved in novel influenza virus
generation

Zoonoses and Public Health

REVIEW ARTICLE

The Role of Swine in the Generation of Novel Influenza

Viruses
W. Ma', K. M. Lager?, A. L. Vincent?, B. H. Janke?®, M. R. Gramer? and J. A. Richt'2

! Department of Diagnostic Medicine/Pathobiclogy, College of Veterinary Medicine, Kansas State University, Manhattan, K5, USA

% virus and Prion Diseases of Livestock Research Unit, National Animal Disease Center, Ames, 14, USA

* Department of Veterinary Diagnostic and Production Animal Medicine, College of Veterinary Medicine, lowa State University, Ames, 14, USA
* University of Minnesota Veterinary Diagnostic Laboratory, College of Veterinary Medicine, St. Paul, MN, USA

Impacts

e Swine can be a mixing vessel for human, avian and swine influenza A

viruses.
e This mixing can lead to unique reassortant influenza A viruses being

generated in swine.
e The unique viruses may infect humans.

foonoses Public Health. 56 (2009) 326-337
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Amy L. Vincent, Wenjun Ma, Kelly M. Lager, Bruce H. Janke, and Jirgen A. Richt, Swine Influenza Viruses: A North
American Perspective. In Karl Maramorosch, Aaron J. Shatkin, and Frederick A. Murphy, editors: Advances in Virus

Research, Vol. 72, Burlington: Academic Press, 2008, pp.127-154.



Studies of Swine-exposed Persons for
Swine Influenza Infections
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Population-based Surveillance for Zoonotic
Influenza A (NIAID R21)

Design — 2-year prospective,
controlled study of farmers who
were occupationally exposed to
swine or poultry (n=805); 29
counties in lowa

Exposure questionnaires — at
enrollment, 12-months, and 24
months

Specimen collection — Sera
collection upon enrollment, at 12
months and 24 months; viral
specimens and guestionnaire
when ill

Gray GC, McCarthy T, Capuano AW, Setterquist SF, Olsen F, A avanja MC Lynch CF. Swine
Workers and Swine Influenza Virus Infections. Emerg Infect Dis 2007:13: 1871 78




Table 3. Enroliment - analyses of risk factors using proportional odds model, university controls as

reference.

Swine HIN1

Swine HIN2

Adjusted
OR (95% CI)

Adjusted
OR (95% CI)

Swine exposure

AHS - worked in swine production

AHS - Never worked in swine production

707
80

54.9 (13.0-232.6)
28.2 (6.1-130.1

13.5 (6.1-29.7)
6.9 (2.8-17.2

Non AHS - Controls 79 reference reference
Age continuous 866 0.97(0.96-0.98)
Gender
Male 484 3.3(2.4-4.5) 3(2.2-4)
Female 382 reference reference
Received flu shot in the past 4 years
Yes 479 1.4(1.1-1.9)
No/Unsure 387 reference
Human H1IN1
Positive 347 1.8(1.4-2.4)
Negative 519 reference
. Gray GC, McCarthy T, Capuano AW, Setterquist SF, Olsen CF, Alavanja MC, Lynch CF. Swine

Workers and Swine Influenza Virus Infections. Emerqg Infect Dis 2007:13:1871-78
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Research Paper

Confined Animal Feeding Operations as
Amplitiers of Influenza

ROBERTO A. SAENZ,! HERBERT W. HETHCOTE,?> and GREGORY C. GRAY?

ABSTRACT

Influenza pandemics occur when a novel influenza strain, often of animal origin, becomes transmissible between
humans. Domestic animal species such as poultry or swine in confined animal feeding operations (CAFOs) could
serve as local amplifiers for such a new strain of influenza. A mathematical model is used to examine the trans-
mission dynamics of a new influenza virus among three sequentially linked populations: the CAFO species, the
CAFO workers (the bridging population), and the rest of the local human population. Using parameters based on
swine data, simulations showed that when CAFO workers comprised 15-45% of the community, human influenza
cases increased by 42-86%. Successful vaccination of at least 50% of CAFO workers cancelled the amplification.
A human influenza epidemic due to a new virus could be locally amplified by the presence of confined animal
feeding operations in the community. Thus vaccination of CAFO workers would be an effective use of a pandemic
vaccine. Key Words: Influenza in birds—Influenza A virus—Swine—Zoonoses—Communicable diseases—Mod-
els—Theoretical. Vector-Borne Zoonotic Dis. 6, 338-346.
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Figure 1. Transmission dynamics between the CAFO species. CAFO workers, and the
rest of the local community. In each group susceptibles (S) become infected (/) and then
removed (R) after recovery.

Saenz RA, Hethcote HW, Gray GC. Confined animal feeding operations as amplifiers of
influenza. Vector Borne Zoonotic Dis, 2006;6:338-46 .




160 . . .

—o—R'=1.1
? 140 _B_RE'=12 """"""""""""""""""""""" """"""""""
wn
© H_
g 120+ +RD_1'3 _____________________________________________________________
T ——R'=14
= 100_ _____________________________________________________________
= A H_
£ RD_15
@ D
% 80 A e
@ -
S
@ BOF - -
Q :
£ .
5 40 _______________ e . T e
S . -
2 t — \
2 """"""""""""""""""""""
h 1 1 1
5 15 25 35 45

CAFO workers percentage

Figure 5. Percentage increases in the final size of the epidemic as a function of the percentage of
CAFO workers in the community with Rf =1.1,1.2. 1.3, 1.4, and 1.5. CAFO workers are 5%,

15%, 25%, 35%. and 45% of the local population.

Saenz RA, Hethcote HW, Gray GC. Confined animal feeding operations as amplifiers of
influenza. Vector Borne Zoonotic Dis, 2006;6:338-46 .




100 T

-8— 0% vaccination
—&= 30% vaccination
=- 50% vaccination

8011 —e= 70% vaccination | =TT e e

60_ ............................................................................................. —]

-+— baseline

percentage increase in human cases

_40 1 | | —

5 15 25 35 45
CAFO workers percentage

Figure 4. Percentage increases in the final size of the human influenza epidemic as a function of
the percentage of CAFO workers in the community. The curves correspond to pre-epidemic
successtul vaccimation of 0% to 70% of the CAFO workers. Local communities with 5%, 15%,
25%. 35%. and 45% of CAFO workers are considered.

Saenz RA, Hethcote HW, Gray GC. Confined animal feeding operations as amplifiers of
influenza. Vector Borne Zoonotic Dis, 2006;6:338-46.




Available online at www.sciencedirect.com

ScienceDirect

PERSPECTIVES

nature publishing group

COMMENTARIES

Vaccine 25 (2007) 4376-4381
www.elsevier

Zoonetic influenza A infections among
swine and peultry workers

The key risk factors for human infec-
tions with swine or avian influenza virus
is exposure to diseased pigs or birds.?
Recent US epidemiological studies sug-
gest that agricultural workers, including
veterinarians, are at increased risk of
zoonatic influenza vims infection. A 2002
study reported that modern swine work-
ers were considerably more likely to have
antibodies against new swine viruses, in
comparison with controls not exposed to
swine. A recent study found that swine
farmers, swine veterinarians, and pork-
processing workers were significantly
more likely to have elevated antibodies
against swine HIN1 and HIN2 viruses,
which could not be attributed to exposure
to human H1 influenza virus or vaccines.*
This same study showed that the adjusted
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The Importance of Including
Swine and Poultry Workers in
Influenza Vaccination Programs

GC Gray' and WS Baker!

Pandemic influenza planning: Shouldn’t swine
and poultry workers be included?

Gregory C. Gray “"*, Darrell W. Trampel ¢, James A. Roth®-¢!

& Center for Emerging Infectious Diseases, College of Public Health University of lowa, 200 Hawkins Dr,

C2IK GH, lowa City, IA 52242, United States

® Department of Epidemiology, College of Public Health University of lowa, 200 Hawkins Dr;
C2IK GH, lowa City, IA 52242, United States

¢ Veterinary Diagnostic and Production Animal Medicine, College of Veterinary Medicine, 1802 Elwood Drive,
VMRI-Bldg. 1, lowa State University, Ames, IA 5001 1-1240, United States
4 Center for Food Security and Public Health, lowa State University, Ames, IA 50011, United States
> Institute for International Cooperation in Animal Biologics, lowa State University, Ames, IA 50011, United States
T2156 College of Veterinary Medicine, lowa State University, Ames, IA 5001 1, United States

Sensing the threat of an influenza pandemic, many countries are
developing influenza pandemic prevention and control strategies.
Such plans often focus efforts on detecting outbreaks and protecting
leaders, health-care workers, and outbreak responders. Considering
recent research, we argue that prevention plans should also include
swine and poultry workers. Ignoring these workers could resultin
anincreased probability of generating novel viruses, as well asthe
acceleration of a pandemic’s morbidity and mertality.

Facing pandemic influenza threats: The importance of including poultry
and swine workers in preparedness plans’

G. C. Gray® and G. Kayali

Center for Emerging Infectious Discases, Department of Epidemiology, College of Public Health,

Uniwersity of Towa, Jowa City 52242

ABSTRACT BRecent research has shown that pouliry
and swine workers, especially those with intense expo-
siures, are at inereased risk of soonotie influenza virus
infecrions. In multiple studies, TS poultry workers and
poultry veterinarians have evidence of previous infoe-
tions with avian influenza virus Similarly, US swine
workers have strong evidence of previous and acute
infections with swine influenza viruses, Mathematical
modeling has demonstrated that such workers may ac-
celarate the spread of pandemie viruses in their rural
communitizs, Because these workers may eontribute to
the novel generation of viruses and serve as o bridg-

ing population in the cross-species sharing of influenza
viruses, it seems prudent to inelude poultry and swine
workers in influenza preparedness programs. Possible
preventive and control interventions include special ed-
neation programs to increase workers' use of personal
protective equipment such as gloves, inereased surveil-
lanee for influenza viruses among workers and their
animals, recommendations that workers seck medical
artention should they develop influenza-like illness, and
workers' priority receipt of annual and pandemic influ-
eNZa vaccines,

Key words: influenza, zooncsis, oceupational exposure, communicable disease, emerging

2009 Poultry Seience 88:880-884
dod: 10,3382 /pe. 2008-00335




Are Pigs Bringing the Flu to Your
State? Researchers Map Influenza
Spread by Hogs [ Animation |

New animations show how various strains of the flu travel across the U.S. to mingle in the
major hog production centers in the Midwest, suggesting strategies to monitor for future
pandemics

By Katherine Harmon

MALTA—For millions of U.S. pigs, their
short lives are going to be full of travel. Born
in one state, fattened and slaughtered in
another, these hogs get around. And so, too,
do their infections.

As carriers—and fertile mixing grounds—for
influenza A strains that could cause illness or
even pandemic in humans, hogs are
important subjects for flu researchers. But
with such a massive industry across the U.S.,
scientists are only just starting to get a
handle on this continual mingling of various

APATTERN TO PREDICT PANDEMICS?

Swine are being shipped all over the U.S.,
stocks of hogs and viruses, Martha Nelson, a  carrying with them a variety of different flu
. : strains.

researcher at the Fogarty International Firiige: NeSoR LEe o Vicei Lt

Center at the National Institutes of Health,

Nelson Plos Pathogens 2001;7 e1002077



Spatial Dynamics of Human-Origin H1 Influenza A Virus
in North American Swine

Martha I. Nelson', Philippe Lemey®, ¥i Tan", Amy Vincent®, Tommy Tsan-Yuk Lam®, Susan Detmer®,
Cécile Viboud", Marc A. Suchard®, Andrew Rambaut™, Edward C. Holmes'*, Marie Gramer®

1 Divigion of intemational Epidemialogy and Population Studies, Fogarty intermatio nad Centes, Mational insttutes of Health, Bethesds Margbnd, Unied States of Amesic,
2 Degariment of Mic athalicke Uiniversiest Lewven, Leuwen, Belgium, 3 Visus and Prion Diseases of Livestock Researdh Unit, Mationad Animal
Dinsase Centes, U %, Ames, bws, Uniied States of Amenia, 4 Depastment of Bdlagy, The Penngyivan s State Univessty, Uniergty Pas, Pennsybanta, United States
af Amesica, 5 The Universty of Minnesota Veternary Disgnostic Lahara aul, Mannesota, United States of Americ, 6 Depastments of Bomathematos and Human
Genetics, Dowid Geffen School of Medicine at UOLA, and Depastment of Binstatistics, UCLA Schaal of Pullic Health, Los Angebes, Califonia, United States of Amesic,
7 insttute of Evclutionasy Bology, Uniersity of Idinhurgh, Ashwarth Labootaries, Edinbusgh, United 8ngdom

Abstract

The emergence and rapid global spread of the swine-origin HIN1/09 pandemic influenza A virus in humans underscores the
importance of swine populations as reservoirs for genetically diverse influenza viruses with the potential to infect humans.
However, despite their significance for animal and human health, relatively litle is klnown about the phylogeography of
swine influenza viruses in the United States. This study utilizes an expansive data set of hemagglutinin (HA 1) sequences
(n=1516] from swine influerza viruses collected in Morth America during the period 2003-2010. With these data we
investigate the spatial dissemination of a novel influenza wirus of the H1 subtype that was introduced into the Morth
American swine population via two separate human-to-swine transmission events around 2003. Bayesian phylogeographic
analysis reveals that the spatial dissemination of this influenza virus in the US swine population follows long-distance swine
movements from the Southem US to the Midwest, a com-rich commerdial center that imports millions of swine annually.
Hence, multiple genetically diverse influenza viruses are introduced and co-drculate in the Midwest, providing the
opportunity for genomic reassortment. Owerall, the Midwest serves primarily asan ecological sink for swine influenza in the
US, with sources of virus genetic diversity instead located in the Southeast (mainly Morth Carolina) and South-central (mainly
Oklahoma) regions. Understanding the importance of long-distance pig transportation in the evolution and spatial
dissemination of the influenza virus in swine may inform future strategies for the surveillance and contral of influenza, and
perhaps other swine pathogens.
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Introductions and Evolution of Human-Origin Seasonal Influenza A
Viruses in Multinational Swine Populations

Nartsa L Mehon" Dusd b Wentworts" Marts A Cultars” Smy L ¥incens Cecle Vibosd " Barshees F. Lafsimia™ Sxiong Us "
Echward ©. Holms,® Sunan & (Detrer’
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Human influenza viruses may be introduced into modern
swine farms

Swine Outbreak of Pandemic Influenza A Virus
on a Canadian Research Farm Supports
Human-to-Swine Transmission

Sarah E. Forgie,’™ Julia Keenliside,2** Craig Wilkinson,! Richard Webby,” Patricia Lu,2 Ole Sorensen,? Kevin Fonseca,’
Subrata Barman,” Adam Rubrum,” Evelyn Stigger,” Thomas J. Marrie,® Frank Marshall,? Donald W. Spady,’ Jia Hu,?
Mark Loeb,® Margaret L. Russell,? and Lorne A. Babiuk?

University of Alberta, Edmonton, Alberta, and “Alberta Agricufture and Rural Development, Edmonton, Alberta, and *University of Calgary, Calgary,
Alberta, and *Provincial Laboratory for Public Health, Calgary, Alberta, and SDalhousie University, Halifax, Nova Scotia, and ®McMaster Univers
Hamilton, Ontario, and 7St Jude Children's R rch Hospital, Memphis, Tenne

(See the editorial commentary by Gray et al. on pages 19-22).

Background. Swine outbreaks of pandemic influenza A (pHIN1) suggest human introduction of the virus into
herds. This study investigates a pHIN1 outbreak occurring on a swine research farm with 37 humans and 1300
swine in Alberta, Canada, from 12 June through 4 July 2009.

Methods. The staff was surveyed about symptoms, ations, and livestock exposures. Clinical findings were
recorded, and viral testing and molecular characterization of isolates from humans and swine were performed. Human
serological testing and performance of the human influenza-like illness (ILI) case definition were also studied.

Results. Humans were infected before swine. Seven of 37 humans developed ILI, and 2 (including the index case)
were positive for pHIN1 by reverse-transcriptase polymerase chain reaction (RT-PCR). Swine were positive for
pHIN1 by RT-PCR 6 days after contact with the human index case and developed symptoms within 24 h of their
positive viral test results. Molecular characterization of the entire viral genomes from both species showed minor
nucleotide heterogeneity, with 1 amino acid change each in the hemagglutinin and nucleoprotein genes. Sixty-seven
percent of humans with positive serological test results and 94% of swine with positive swab specimens had few or no
symptoms. Compared with serological testing, the human ILI case definition had a specificity of 100% and sensitivity
of The only factor associated with seropositivity was working in the swine nursery.

Conclusions. Epidemiologic data support human-to-swine transmission, and molecular characterization
confirms that virtually identical viruses infected humans and swine in this outbreak. Both species had mild illness
and recovered without sequelae.

CID 2011:52 (1 January) = Forgic ct al.




Human influenza viruses may be introduced into modern
swine farms
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Introductions and Evolution of Human-Origin Seasonal Influenza A
Viruses in Multinational Swine Populations

Martha L Nelson,® David E. Wentworth,® Marle R. Culhane,® Amy L. Vincent,? Ceclle Viboud,® Matthew P. LaPointe,” Xudong Lin,"
Edward C. Holmes,® Susan E. Detmer’

Fogarty Intemational Center, Mational Institutes of Health, Bathesda, Manvland, USAY; 1. Cralg Venter Instituts, Rockville, Maniand, USA™ University of Minnesota Veternnary
Dagnostic Laboratory, St Paul, Minnesata, USAS Virus and Prion Research Unit, National Animal Disease Center, USDA-ARS, Ames, lowa, USA™; Marte Bashir Institute for
nfiectious Diseases and Biosecurty, Charles Perkins Centre, School of Riological Scences and Sydney Medical School, University of Sydney, NSW, Australia®; Westem
Colleqe of Veterinary Medicine, Unhversity of Saskatchewan, Saskatchewan, Canada'

ABSTRACT
The capacity of influenza A viruses o cross species barriers presents a continual threat to human and animal health. Knowledge
of the human-swine interface is particularly important for understanding how viruses with pandemic potential evolve in swine
hosts. We sequenced the genomes of 141 influenza viruses collected from North American swine during 2002 to 2011 and identi-
fied a swine virus that possessed all elght genome segments of human seasonal A/H3N2 virus orlgin. A molecular clock analysls
indicates that this virus—A/sw/5askatchewan/02903/2009( H3N2)—has likely circulated undetected in swine for at least 7 years.
For historical context, we performed a comprehensive phylogenetic analysis of an additional 1,404 whole-genome sequences
from swine influenza A viruses collected globally during 1931 to 2013, Human-to-swine transmission occurred frequently over
this time period, with 20 discrete introductions of human seasonal influenza A viruses showing sustained onward transmission
in swine for at least 1 year since 1965. Notably, human-origin hemagglutinin (H1 and H3) and neuraminidase (particularly N2)
segments were detected in swine at a much higher rate than the six internal gene segments, suggesting an assoclation between the
acquisition of swine-origin Internal genes via reassortment and the adaptation of human Influenza viruses to new swine hosts.
Further understanding of the fitness constraints on the adaptation of human viruses to swine, and vice versa, at a genomic level
is central to understanding the complex multihost ecology of influenza and the disease threats that swine and humans pose to
each other.

10110  piasmong lournal of Virolegy p 10110-10119 September 2014 Volume B8 Number 17




A Review of Reverse Zoonotic Disease Transmission

Reports of reverse zoonoses are
Increasing and 43% are in livestock
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Figure 2. Timeline and frequency of reverse zoonoses publications included in this review shown by pathogen type.
doi:10.1371/jounal pone.00B90SS.g002

Reverse Zoonotic Disease Transmission
(Zooanthroponosis): A Systematic Review of Seldom-
Documented Human Biological Threats to Animals

Ali M. Messenger'?, Amber N. Barnes', Gregory C. Gray'**

1 College of Public Health and Health Professions, University of Flond:

sainesville, Florida, United States of America, 2 Emerging Pathogens Institute, University of Florida,
Gainesville, Florida, United States of America

Abstract

Background: Research regarding zoonotic diseases often focuses on infectious diseases animals have given to humans.
However, an increasing number of reports indicate that humans are transmitting pathogens to animals. Recent examples
include methicillin-resistant Staphylococcus aureus, influenza A virus, Cryptosporidium parvum, and Ascaris lumbricoides. The
aim of this review was to provide an overview of published literature regarding reverse zoonoses and highlight the need for
future work in this area.

Methods: An initial broad literature review yielded 4763 titles, of which 4704 were excluded as not meeting inclusion
criteria. After careful screening, 56 articles (from 56 countries over three decades) with documented human-to-animal
disease transmission were included in this report.

Findings:|n these publications, 21 (38%) pathogens studied were bacterial, 16 (29%) were viral, 12 (21%) were parasitic, and
7 (13%) were fungal, other, or involved multiple pathogens. Effected animals included wildlife (n=28, 50%), livestock
(m=24, 43%), companion animals (n=13, 23%), and various other animals or animals not explicitly mentioned (n=2, 4%).
Published reports of reverse zoonoses transmission occurred in every continent except Antarctica therefore indicating a
worldwide disease threat.

Interpretation: As we see a global increase in industrial animal production, the rapid movement of humans and animals,
and the habitats of humans and wild animals intertwining with great complexity, the future promises more opportunities
for humans to cause reverse zoonoses. Scientific research must be conducted in this area to provide a richer understanding
of emerging and reemerging disease threats. As a result, multidisciplinary approaches such as One Health will be needed to
mitigate these problems.
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Influenza A(H1N1)
pdmO09 Virus
among Healthy
Show Pigs, United
States

Gregory C. Gray, Jeffrey B. Bender,
Carolyn B. Bridges, Russell F. Daly,
Whitney S. Krueger, Michael J. Male, Gary L. Heil,
John A. Friary, Robin B. Derby, and Nancy J. Cox

Within 5 months after the earliest detection of human
influenza A(HINT)pdm09 virus, we found molecular and
culiure evidence of the virus in healthy US show pigs.
The mixing of humans and pigs at swine shows possibly
could further the geographic and cross-species spread of
influenza A viruses.

Emerging Infectious Diseases » www.cdc_gov/eid « Vol. 18, No. 9, September 2012



PpHIN1 in pigs by country

Generated from OIE data available from World Animal Health Information
Database & sequences deposited in GenBank, August 2010...Courtesy of
Dr. Amy Vincent of National Animal Disease Center, Ames, IA



Reassorted pandemic (H1N1) 2009 influenza A Reassortment of Pandemic H1N1/2009
virus discovered from pigs in Germany . . .
Influenza A Virus in Swine

D. Vijaykrishna,*2*t L. L. M. Poon,™* H. C. Zhu,™ S. K. Ma,* 0. T. W. Li,* C. L. Cheung,*
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Novel HIN2 swine influenza reassortant strain in pigs derived from
the pandemic HIN1/2009 virus

Ana Moreno®*, Livia Di Trani?, Silvia Faccini?, Gabriele Vaccari®, Daniele Nigrelli®,
M. Beatrice Boniotti?, Emiliana Falcone b, Arianna Bonib, Chiara Chiapponi?,
Enrica Sozzi®, Paolo Cordioli®

A [Istituto Zooprofilattico Sperimentale della Lombardia e dell’Emilia Romagna (IZSLER), Via Bianchi, 9, 25124 Brescia, Italy
b Department of Veterinary Public Health and Food Safety, Istituto Superiore di Sanitd, V.le Regina Elena, 299, 0016 Rome, Italy

Veterinary Microbiology 149 (2011) 472-477

Multiple Reassortment between
Pandemic (H1N1) 2009 and
Endemic Influenza Viruses in Pigs,
United States

Mariette F. Ducatez, Ben Hause, Evelyn Stigger-Rosser, Daniel Darnell, Cesar Corzo, Kevin Juleen,
Randy Simonson, Christy Brockwell-Staats, Adam Rubrum, David Wang, Ashley Webb,
Jeri-Carel Crumpton, James Lowe, Marie Gramer, and Richard J. Webby

Emerging Infectious Diseases « www.cdc.govieid » Vol 17, No. 9, September 2011



CD Centers for Disease Control and Prevention
# CDC 24/7: Saving Lives, Protecting People™

Influenza (Flu)

Influenza A (H3N2) Variant

Virus

Situation Summary

Case Count

H3N2v and You

Prevention

Treatment

Health Care Providers
Guidance for Public Health
Other Guidance Documents
News & Highlights
Materials & Resources

Specific Audiences

Influenza Types

Since Aug 2011,345 human cases in 13 states as of Oct 2015

Influenza A (H3N2) Variant Virus

HEE

Influenza viruses that normally circulate in pigs are called “variant” viruses when they are found
in people. Influenza A H3N2 variant viruses (also known as "H3N2v" viruses) with the matrix (M)
gene from the 2009 H1N1 pandemic virus were first detected in people in July 2011. The viruses
were first identified in U.S. pigs in 2010. Infections with H3N2v have mostly been associated
with prolonged exposure to pigs at agricultural fairs. Limited human-to-human spread of this
virus has been detected in the past as well but no sustained or community spread of H3N2v has
been identified at this time. It's possible that sporadic infections and even localized outbreaks
among people with this virus will continue to occur. The Centers for Disease Control and
Prevention (CDC) continues to monitor this situation closely and will report cases of H3N2v and

other variant influenza viruses weekly in FluView and on the case count tables on this website.

See Past Updates »

* Background » CDC Assessment
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* Prevention * Guidance for Public Health
* Treatment * Other Guidance

* News & Highlights e Materials & Resources

» New! Glossary of Influenza (Flu) Terms
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Outbreak Characterization

* Localized outbreaks

* Swine-to-human transmission; rare, limited

human-to-human

* Mo sustained or community transmission

Case Count Table »

Info for Specific Audiences

* People Who Raise Pigs

® Fair Manasers and Fxhihitors




Pigs may have no signs of infection and still carry &

aerosolize novel influenza

Transbound Emerg Dis. 2014 Feb§1(1):28-36. doi: 10.1111/1.1863-1682.2012.01367 2. Epub 2012 Jul 235.

Detection of airborne influenza a virus in experimentally infected
Corzo CA', Allerson M, Gramer M, Morrison RB, Torremorell M.

ORIGINAL ARTICLE

Simultaneous Infection of Pigs and People with
Triple-Reassortant Swine Influenza Virus HIN1 at a U.S.

County Fair

M. L. Killian', S. L. Swenson’, A. L. Vincent?, J. G. Landgraf', B. Shu?, S. Lindstrom?, X. Xu?,
A. Klimov?, Y. Zhang® and A. 5. Bowman®

! Diagnostic Virology Laboratory, National Velerinary Services Laboratories, USDA, Animal and Plant Health Inspection Service, Ames, |4, USA
2 Vfirus and Prion Diseases of Livestock Research Unit, National Animal Disease Center, USDA, Agricultural Research Service, Ames, 1A, USA

* Virus Surveillance and Diagnostic Branch, Influenza Division, Centers for Disease Control and Prevention, Atlanta, GA, USA

* Animal Disease Diagnostic Laboratory, Reynoldsburg, OH, USA

* Veterinary Preventive Medicine, The Ohio State University, Columbus, OH, USA

Impacts

# Infection of humans and pigs with influenza virus was identified
simultaneously at a county fair.
Comparison of the viruses indicates they are identical, which means the
virus was either transmitted from the pigs to the people or from the people
to the pigs.

e Tests show the pigs had been infected or vaccinated with other strains of
influenza before arriving at the fair.

foonoses and Public Health, 2013, 60, 196201

pigs with maternally derived antibodies.

Subclinical Influenza Virus A
Infections in Pigs Exhibited
at Agricultural Fairs, Ohio, USA,
2009-2011

Andrew S. Bowman, Jacqueline M. Nolting, Sarah W. Nelson, and Richard D. Slemons

12345678 9101112131415161718
Week of fair season, 2009

No. fairs

12345678 9101112131415161718
Week of fair season, 2010

12345678 9101112131415161718
Week of fair season, 2011
Figure. Frequency distribution of agricultural fairs, by week of
the state fair season, Ohio, June—October 2009-2011. Black bar
sections, fairs with pigs positive for influenza virus A; gray bar
sections, fairs with no pigs positive for influenza virus A; white bar
sections, fairs not enrolled in this study

Emerging Infectious Diseases » www.cdc.gov/eid » Vol. 18, No. 12, December 2012



Ohio reports 98 human cases of
H3N2v influenza

OHIO | AUGUST 26, 2012 | BY: ROBERT HERRIMAN

eh0 0 0 1 Get Disease & lliness alerts!
Like ' Tweet Q +1 Dinit Sign up
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“We'ienot pasticularly surprised to see what.looks like limited huma;m transmi‘on
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The Centers for Disease Control and

RELATED TOPICS
) Prevention (CDC) reported Friday that with
Ohio H3N2v .
the addition of 52 new human cases of H3N2v
swine flu

influenza, the total number of cases seen
nationwide since July is 276.


http://www.cdc.gov/flu/swineflu/h3n2v-case-count.htm
http://www.cdc.gov/flu/swineflu/h3n2v-case-count.htm

Human Infections With Influenza A(H3N2)
Variant Virus in the United States, 2011-2012

Scott Epperson,’ Michael Jhung,' Shawn Richards,” Patricia Ouinlisk,” Lauren Ball,* Méria Moll,® Rachelle Boulton,
Loretta Haddy,” Matthew Biggerstaff,' Lynnette Brammer,' Susan Trock,' Erin Burns,' Thomas Gomez," Karen K. Wong,'
Jackie Katz." Stephen Lindstrom,' Alexander Klimov," Joseph 5. Bresee,! Daniel B. Jernigan,' Nancy Cox.' and

Lyn Finelli"; for the Influenza A (HIN2)v Virus Investigation Team”

i fluanza Division, Mational Center far Immunization and Respiratary Diseases, Centers for Disease Control and Frevention, Atlanta, Geongia; “Indiana
State Department of Health, Indianapolis; "lowa Department of Public Health, Des Maines; "Masine Centes for Disease Control and Prevention, Augusta,
SPannsyhvania Depariment of Health, Harisburg; "Utah Dapartment of Health, Salt Lake City; "West Vinginga Bussau for Public Health, Charestor; SUS
Dipertment ol Agriculiure, Animal and Flant Heatth inspection Sarvice, Veterinary Sorvices, and "Epidemic Intelligence Sanice assigned to the Influene
Divisian, Ceniters for Disease Control and Prevention, Atlanta, Geargia

Background. During August 201 1-April 2012, 13 human infections with influenza A(H3N2) variant (H3N2v)
virus were identified in the United States; 8 occurred in the prior 2 years, This vires differs from previous variant
influenza viruses in that it contains the matrix (M) gene from the Influenza A{HIN1)pdm09 pandemic influenza
virms.

Methods. A case was defined as a person with laboratory-confirmed H3N2v virus infection. Cases and contacts
were interviewed to determine exposure to swine and other animals and to assess potential person-to-person trans-
mission.

Results.  Median ape of cases was 4 years, and 12 of 13 (92%) were children. Pig exposure was identified in 7
(54%) cases, Six of 7 cases with swine exposure (86%) touched pigs, and 1 (14%) was close to pigs without known
direct contact. Six cases had no swine exposure, including 2 clusters of suspected person-to-person transmission,
All cases had fever; 12 (92%) had respiratory symptoms, and 3 (23%) were hospitalized for influenza. All 13 cases re-
covered.

Conclusions. H3N2v virus infections were identified at a high rate from August 2011 to April 2012, and cases
without swine exposure were identified in influenza-like illness outbreaks, indicating that limited person-to-person
transmission likely occurred. Wariant influenza viruses rarcly result in sustained person-to-person transmission;
however, the potential for this H3N2v virus to transmit efficiently is of concern. With minimal preexisting immuni-
ty in children and the limited cross-protective effect from seasonal influenza vaccine, the majority of children are
susceptible to infection with this novel influenza virus,

Keywords.  influenza; surveillance; public health.

Influenea A(HEMZ)v in the US, 2011-2012 « CID 2003:57 (Suppl 1} = 54

Outbreak of Variant Influenza A(H3N2) Virus
in the United States

Michael A Jhung,' Scott Epperson,’ Matthew Biggerstaff,' Donna Allea,” Amanda Balish,' Nathelia Bames,'

Amanda Beaudoin,” LaShondra Berman,' Sally Bidol,® Lenee Elanton,' David Elythe,” Lynnette Brammer,'

Tiffany D'Mello,' Richard Danila,” William Davis,' Sietske de Fijter,” Mary DiOrio,” Lizette 0. Durand,” Shannon Emery,'
Brian Fowler,” Rebecca Garten,' Yoran Grant.’ Adena Greenbaum,” Larisa Gub ! Fiona Havers,” Thomas Haupt,”
Jennifer House," Sherif Ibrahim,™ Victoria Jiang,! Seema Jain,' Daniel Jemigan,' James Kazmierczak,”

Alexander Klimov,' Stephen Lindstrom,” Allison Longenberger,” Paul Lucas,' Ruth Lynfield,” Meredith McMomow,'
Maria Moll," Craig Morin,’ Stephen Ostroff,” Shannon L Page,” Sarah Y. Park,” Susan Peters ” Celia Quinn,"

Camie Reed,' Shawn Richards.” Joni Scheftel,” Owen Simwale,” Bo Shu,' Kenneth Soyemi," Jill Stauffer,

Craig Steffens,’ Su Su,' Lauren Torso,” Timothy M. Uyeki,' Sara Vetter,” Julie Villanueva,' Karen K. Wong,”

Michael Shaw,’ Joseph S. Bresee,' Nancy Cox,’ and Lyn Finelli’

Vinllueni Division, National Center for lmeuniztion and Respiratary Dissase, and *Epidamic Intelligence Sendcs assigned to the Influere Division,
Lenters for Disease Contrl and Prevention, Atlanta, Geargia; “Epidemic Intefligerce Service assigned to the Ohio Department of Health, Columbus;
“Blincis Deparimant af Pubilic Health, Springfiald:; *Fpidemic Intalliganca Servica assigned to the Ninois Department of Pubilic Health, Springfiald:
“Michigan Department of Commanity Health, Lansing "Minnesota Depariment of Health, 5t Paul; ®indiana State D of Health, Indianapalis;
“epidemic: Intefligence: Sendce assigned to the Pennsybania Depariment of Heakth, Harmisburg; *Pennsylvania Degartment of Heslth, Harsisbng
"Hawaii Department of Health, Honalule: Ohio Deparment of Hisatth, Columbus; Wisconsin Department of Health Services, Madisor; "West
Virginia Bursau lor Public Health, Charkeston; ard "™arytand Department of Health and Mental Hygiane, Baltimoss

[See the Editorial Commentary by Gray and Cao on pages 113-4}

Background., Variant influenza virus infections are rare but may have pandemic potential if person-to-person
transmission is efficient. We describe the epidemiology of a multistate outbreak of an infloenza A(H3N2Z) variant
virns (H3IN2v) first identified in 2011,

Methods. We identified laboratory-confirmed cases of H3N2v and used a standard case report form to charac-
terize illness and exposures. We considered illness to result from person-to-person H3N2y transmission if swine
contact was not identified within 4 days prior to illness onset.

Results.  From 9 July to 7 September 2012, we identified 306 cases of H3N2v in 10 states. The median age of all
patients was 7 years. Commonly reported signs and symptoms included fever (98%), cough (85%), and fatigue
(83%). Sixteen patients (5.2%) were hospitalized, and | fatal case was identified. The majority of those infected re-
ported agricultural fair attendance (93%) andfor contact with swine (95%) prior to illness. We identified 15 cases of
pussible person-to-person transmission of H3N2v. Viruses recovered from patients were 93%—100% identical and
similar to viruses recovered from previous cases of H3N2Zv, All H3N2v viruses examined were susceptible to osclta-
mivir and zanamivir and resistant to adamantane antiviral medications.

Conclusions.  In a large outhreak of variant influensm, the majority of infected persons reported exposures, suggpest-
ing that swine contact at an agricultural fair was a risk for H3N2v infection. We identified mited person-to-person
H3N2v virus transmission, but found no evidence of efficient or sustained person-to-person transmission. Fair manag-
ers and attendees should be aware of the risk of swine-to-human transmission of influenza viruses in these settings.

Variant Influenza A(IENZ) Outbrek « CLD 200357 (15 December) » 1703



Influenza Virus Surveillance in Swine
Program Overview for Veterinarians

Passive and voluntary survelillance



LIS Mews = lowa reports H1M1v case, 10th ‘swine flu’ case in lowa since 2005

lowa reports H1N1v case, 10th ‘swine flu’ case in lowa since
2005

Fosted by Robert Herriman on August 28, 2015 11 1 Comment

The Centers for Disease Control and Prevention (CDC) reported today one human infection with a novel
influenza Avirus from the state of lowa. The person was infected with an influenza A (H1MN1)yvariant (H1M1v)
virus and was hospitalized as a result of theirillness. Mo human-to-human transmission has been identified
and the case reported close contact with swine in the week priorto illness onset.

lowa has reported 10 *variantviruses™ (H1M1v-4
and H3M2v-6) since 2005.

When an influenza virus that normally circulates in swine is
detected in a person, itis called a variant influenza virus
and is labeled with a ‘v

Influenza viruses such as H1M1(v) and other related
variants are not unusual in swine and can be directly

transmitted from swine to people and from people to
swine.

Pig and piglets/Agricultural Research Services

When humans are in close proximity to live swine, such as
in barns and livestock exhibits at fairs, movement of these
viruses can occur back and forth between humans and animals.



Benefits of modern agriculture
production

Reduction In
pig diseases

Food safety - g ;
Animal well- [ s (RS
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Modern Pig Farming has Reduced
Many Severe or Overt Pig Diseases

v Physical barriers
v" Rodent control
v" Fly control

v Safe feed

v' Safe water

v Isolate pigs from
wild animals, stray
domestic animals

v" Vehicle control
v Visitor control

Led to elimination of a number of
“foreign animal diseases” in US pigs.
Example include swine fevers and foot-
and-mouth disease.

Has reduced many swine zoonoses:
brucellosis, trichinosis, leptospirosis,
and cysticercosis.

Has controlled the spread of epidemic
disease causing reduced growth and
mortality in pigs: erysipelas,
pseudorabies, and swine pox



Modern Production Lowers

Pork Costs
F ewer American Meat Expenditures, 1970-2005 (Source: Livestock Marketing Information Center)
workers
Fewer pig
losses ; >
More efficient
use of feed

Faster pig
growth




Perhaps US Animal Production Biosecurity is Not as Good
As We Once Thought

ALL Findings

Update on Avian Influenza Findings
Poultry Findings Confirmed by USDA's National Veterinary Services Laboratories

' Confirmed in the past

15 days: .
15 to 30 days:
30 to 60 days:
&0 to 90 days:

90 plus days: .

223 48,091,293

Detections Reported Birds Affected

12/19/14 6/17/15

First Detection Reported Last Detection Reported




Swine Influenza

The message seems clear that swine
Influenza viruses (S1V)

Frequently infect persons exposed to pigs

Swine shows may accelerate transmission among
both pigs and man

Can be transmitted from humans-to-humans
SIV may cause severe human disease

You cannot understand this problem by waiting for
human cases of SIV to enter your hospital and
studying the virus type



Clinical Infectious Diseases Advance Access published October 24, 2013

EDITORIALCOMMENTARY

Variant Influenza A(H3N2) Virus: Looking Through

a Glass, Darkly

Gregory C. Gray' and Wu-Chun Cao®

1EIT|EH_:jiI'Ig Pathogens Institute and Department of Emvironmental and Global Health, College of Public Health and Health Professions, University of Forida, Gainesville; and
State Key Laboratory of Pathogen and Biosecurity, Beijing Institute of Microbiology and Epidemiology, People's Republic of China

Keywords.

First detected in July 2011 [1], the influ-
enza A(H3NZ) variant viros (H3N2v), a
swine-like progeny virus from the 2009
pandemic HIN1 virus, has caused con-
siderable public health alarm. Most chil-
dren <10 years of age are thought to be
susceptible [2], and evidence of limited
H3N2Zv person-to-person  transmission
has been reported [1]. Soon after its dis-
covery, public health officials became
quite concerned regarding this novel
viral threat. In November 2011, the
World Health Organization released a
virus construct A/Minnesota/11/2010 for
vaccine development. In August 2012,
the US Centers for Disease Control and
Prevention released special H3N2v diag-
nostic and agricultural fair guidance.

swine influenza; influenza A; zoonoses; infectious disease epide miology.

methods and exposure assessments were
sound and a number of their findings
were quite remarkable: Among the in-
fected persons, 82% were <11 years of
age, 95% had recent swine exposure, the
estimated incubation period was 2.9 days
after pig exposure, 16 patients were hos-
pitalized (1 patient died), and 15 likely
acquired H3N2v from another human.
Although agricultural fairs have been
previously shown to be a risk factor for
swine influenza virus (SIV) infections in
humans [4-8], never before have the epi-
demiological data been so strong and
geographically widespread. The legion of
authors in this paper demonstrates the
huge interagency effort that was required
to gain such a comprehensive view. The

surveillance programs is for the most
part voluntary. Why should the swine in-
dustry pay for SIV surveillance and virus
characterization among pigs, when pigs
often carry influenza A viruses without
clinical signs [8] and the viruses are not
transmitted to humans via meat prod-
ucts? Unless a novel virus emerges to
cause significant morbidity in pigs, and
that virus is characterized, the novel virus
is not likely to be discovered and reported
by veterinary professionals. Lack of SIV
ecologic data is also due in part to con-
cerns that research findings might cause
economic damage to the pork industries,
Why should pork farmers permit re-
searchers to study SIV transmission in
their farms when such research could



Zoonotic Swine Influenza Virus Transmission in
Confined Animal Feeding Operations NIH RO1AI108993
Wu-Chun Cao (Beijing Institute of Microbiology &
Epidemiology) and Gregory C. Gray




NIH RO1AI108993 (2014-2018)

Aims: 1) to identify and characterize enzootic and emergent swine influenza viruses
(SIVs), 2) to employ aerosol, fecal, environmental swabs, and water sampling to identify
environmental areas with a high prevalence of SIVs, 3) to identify occupational risk factors
for SIV infection, and 4) to identify serological and mucosal immunity biomarkers of
protection against prevalent and emergent SIVs




China accounts for around % of the pork that will be
produced and eaten around the world in 2014.2

PORK PRODUCTION, 2014
Million metric tons, CWE

China 54.7
E.U. 22.5
United States 10.8
Brazil 34
Russia 2.3
Vietnam 2.3
Canada 1.9
Philippines 1.4
Japan 1.3
Mexico 1.3

Source: U.S. Department of Agriculture, New York Times
Data for 2014 are projected.

1Hornby, L. (2012, September 10). Bigger Pig Farms Offer China a Way to Calm Pork Prices. The New York Times.
2Gough, N. (2014, April 10). In I.P.0O., a Quest to Satisfy China’s Appetite for Pork. The New York Times.

PORK CONSUMPTION

Million metric tons, CWE
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Source: U.S. Department of Agriculture, New York Times
Data for 2014 are projected.
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China Daily, via Reuters, via the New York Times

Why?

= Dependence on small farms for pig production

= High hog feed grain prices

= Reduced amounts of arable land for hog feed due to soil
and water pollution and increasing urbanization rates?

1Hornby, L. (2012, September 10). Bigger Pig Farms Offer China a Way to Calm Pork Prices. The New York Times.
2Gough, N. (2014, April 10). In I.P.0., a Quest to Satisfy China’s Appetite for Pork. The New York Times.



Large-scale farms with 3000 or more hogs
account for only ~2.5% of China’s pig
production, while large-scale farms account
for ~83% of overall US production.!-

In an effort to regulate food cost inflation,
Chinese officials support the transition from
backyard pig farms to huge industrial farms.!

Jianan Yu/Reuters, via the New York Times

In 2013, China’s Shanghui International (now WH Group), the largest pork company in the
world, bought out America’s largest pork producer, Smithfield Foods, for $4.7 billion
hoping to take advantage of the US’s lower pork production costs.?

WH Group also hopes to improve its Chinese slaughtering plant utilization rates by
studying Smithfield’s procedures. Last year, its Chinese plants were operating at only 72
percent capacity, while the US based Smithfield plants were operating at 97 percent.

1Hornby, L. (2012, September 10). Bigger Pig Farms Offer China a Way to Calm Pork Prices. The New York Times.
2Gough, N. (2014, April 10). In I.P.0O., a Quest to Satisfy China’s Appetite for Pork. The New York Times.



Poor Biosecurity in Confined Animal Feeding Operations

Photo by G.C. Gray 2015



Poor Biosecurity in Confined Animal Feeding Operations

Photos by G.C. Gray 2015




Figure 1. Photographs from a live animal market in Guangdong Province, April
2014, show opportunities for cross-species transfer of pathogens, especially
influenza A. Caged cats adjacent caged ducks; geese and chickens in close
confinement; chickens caged in close proximity to pigs. Photographs by GCG.
f —

YLOZ T1imFny uo spuop] jo Kpsman) iw R0 guunopropeopy s Gug woL popeopmog]




Heilongjiang
AS
‘ Jilin

L
. ! ) Liaaing

Neimenggu |

Xinjinng . : ns.i.“
Crunsu ‘ "M.Ti"'nii"
Shanxi
Ningxin . Shandang
®. RE ,
Qinghai Tecin Gi‘m“ 3
Fibet . Lghi:"l!i ‘ Anbal *‘ s@x""i ‘uw:
. ‘ e Hubei ‘ ‘ A 'mn\x
A Sichuan 6»«.\‘\?-“‘ A* Az.:;'"“ ':J::in
‘ . v Haana .lian‘gxi' o
Guizhou Fujian
2 ' 'd g,
“’3’ A Guu; ' &'gdmm '::‘""
. Av
.\
Thbidkands o the " » \'.\
Satuth China sea \
,
i KE\“/—F\”
C g\/
7

Emergence and distribution of avian influenza viruses in China. Various colors depict different HA subtypes. The gold star
indicates human infection with H7N9. The shaded regions represent the emergence of AlV cases in humans. B. A schematic for
the emergence of novel AlV in China. The eight bars, from top to bottom, represent the PB2, PB1, PA, HA, NP, NA, M, and NS
gene segments. Different colors represent different genetic origins. From: Su S, Bi Y, Bi Y, Wong G, Gray GC, Gao GF, Li S. The
epidemiology, evolution and recent outbreaks of avian influenza virus in China: A Review. J Virology 2015; in press



Swine Production Problem?
Human epidemic problem?
National security problem?



Environmental
research

Veterinary Industry

research research

Rural
communities

Partnerships in Rl

: Mutual benefits
problem solving



Live Animal Markets in Minnesota: A Potential
Source for Emergence of Novel Influenza A
Viruses and Interspecies Transmission

Mary J. Choi,"* Montserrat Torremorell,>* Jeff B. Bender,” Kirk Smith, David Boxrud,® Jon R. Ertl,2 My Yang,?
Kamol Suwannakam,” Duachi Her, Jennifer Nguyen,’ Timothy M. Uyeki,' Min Levine,' Stephen Lindstrom,’
Jacqueline M. Katz,' Michael Jhung,' Sara Vetter,” Karen K. Wong,' Srinand Sreevatsan,” and Ruth Lynfield’

"Centers for Disease Control and Prevention, Atlanta, Georgia; “University of Minnesota College of Veterinary Medicine, Minnesota Center of Excellence
for Influenza Research and Surveillance, and “Minnesota Department of Health, St Paul

Background. Live animal markets have been implicated in transmission of influenza A viruses (IAVs) from an-
imals to people. We sought to characterize IAVs at 2 live animal markets in Minnesota to assess potential routes of
occupational exposure and risk for interspecies transmission.

Methods. We implemented surveillance for IAVs among employees, swine, and environment (air and surfaces)
during a 12-week period (October 2012-January 2013) at 2 markets epidemiologically associated with persons with
swine-origin IAV (variant) infections. Real-time reverse transcription polymerase chain reaction (rRT-PCR), viral
culture, and whole-genome sequencing were performed on respiratory and environmental specimens, and serology
on sera from employees at beginning and end of surveillance,

Results. Nasal swabs from 11 of 17 (65%) employees tested positive for [AVs by rRT-PCR; 7 employees tested
positive on multiple occasions and 1 employee reported influenza-like illness. Eleven of 15 (73%) employees had
baseline hemagglutination inhibition antibody titers >40 to swine-origin IAVs, but only 1 demonstrated a 4-fold
titer increase to both swine-origin and pandemic A/Mexico/4108/2009 IAVs, IAVs were isolated from swine (72/
84), air (30/45), and pen railings (5/21). Whole-genome sequencing of 122 IAVs isolated from swine and environ-
mental specimens revealed multiple strains and subtype codetections. Multiple gene segment exchanges among and
within subtypes were observed, resulling in new genetic constellations and reassortant viruses. Genetic sequence sim-
ilarities of 99%—-100% among IAVs of 1 market customer and swine indicated interspecies transmission.

Conclusions. At markets where swine and persons are in close contact, swine-origin IAVs are prevalent and
potentially provide conditions for novel IAV emergence.

Clinical Infectious Diseases Advance Access published August 17, 2015



Why should agriculture industries
partner with other disciplines other
than veterinary medicine to study
agriculture problems like novel
Influenza virus emergence?



Which Waytcme
National Institute of
Veterinary Medicine?
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New Study Says Bird Flu Spread By Wind,

Humans, Fowl

By PEGGY LOWE . JUNM 14, 2015

Grand Forks
Herald
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Research shows airborne transmission of avian flu a
possibility

By Tom Cherveny on Jun 21, 2015 at 8:30 p.m

1] | Email| | W Twest 14 (sign up for Breaking News Alerts

S T. PAUL, Minn. -- Scientists do not yet know whether spring winds carried the
highly pathogenic avian influenza into barns and infected turkey or egg-laying
flocks.

But they now consider airborne transmission a possibility in some of the cases of
infected barns, according to the United States Department of Agriculture. It
recently reported that “a preliminary analysis of wind data showed a relationship
between sustained high winds and an increase in the number of infected farms

approximately five days later

Signs of airborne H5N2 found
outbreaks

Filed Under: Avian Influenza (Bird Flu}
Robert Roos | Mews Editor | CIDRAP News | May 08, 2015 ¥ Share

Evidence of the H5N2 avian influenza virus has been
found in air samples collected in and near infected
Minnesota poultry barns, a researcher said today,
supporting the suspicion that the virus may go
airborne for short distances, while Iowa reported
seven new H5 outbreaks involving 4 million chickens
and an unknown number of turkeys.

In addition, Wisconsin authorities today reported
finding H5N2 in an owl along Green Bay, while
hard-hit Minnesota had its second day this week
without any new poultry outbreaks.




New Technologies

Highly Efficient Collection-of-\liable Aerosolized Pandemic H1N1 Particles

John Lednicky', Maohua Pan?, Julia Loeb’, Hsin Hsieh?®, Arantzazu Eiguren-Fernandez*, Susanne Hering®, Chang-Yu Wu?, Hugh Fan® Nima Afshar-Mohajer % ©

UNIVERSITY of

FLORIDA

BACKGROUND

« Influenza is one of the most contagious respiratory
diseases and an important cause of morbidity, hospital
admissions and mortality.

*In 2009, a pandemic caused by a new HINI stram
resulted in 43 — 89 million people infected and up to
18,300 deaths.

. Transmxsswn of influenza virus between humans
mainly occurs by three routes: direct or indirect contact,
large droplet spray. aerosolized viruses.

« Existing samplers have low efficiency (3-10%) m
collecting virus aerosols in the range of 20 - 300 nm'.

OBJECTIVES

*Evaluate the performance of the Super Efficient
Sampler for Influenza virus (SESI). based on the water
condensation particle growth technology, in amplifying
virus aerosols to larger size for improved physical and
viable collection efficiency.

METHODS

* Influenza virus strain A/Mexico/4108/2009 (pHINT)

(A/Mex) was obtained as a low-passage stock and

propagated in MDCK cells

in serum-free aDMEM with

TPCK-trypsin with mcubation
t 5% CO2 and 33 °C =

+ Condensation was used to

enlarge influenza  virus
particles by  introducing
aerosols into a “growth tube™
with a wetted wall held at
higher temperature®.

Intiator
@0-8'C

Coddecter
w

Schematic diagram of the system used to collect Influenza virus

fDepartment of Envircnmental and Giobal Heaith, Universky of Florids, Ganesvie, FL, USA 3Department of Environmental Engineering Sclences. Universiy of Fiorids, Ganesvitie, FL, USA 3Department of idicroblalogy and Cel Sclence, Universty of Flarids,
Ganesvie, FL. USA “Aeroso) Dynamics inc., Berkeley, CA USA USA “Department of Mechanical and Aerospace Engineering. University of Florida, Gainesiiie, FL, USA ©Jofats Hopkins Bioomberg Schoo! of Pubic Health, Ballimore, MD, USA

Picture of SESI

v Fabian P et al® compared the collection

performa.u.e of an SKC Biosampler, a compact
cascade impactor (CCI), Teflon filters, and gelatn
filters, and found out that the SKC BioSampler
recovered and preserved influenza virus
infectivity much better than the other samplers.
They also state that a new sampler is need

for virus aerosol sampling.

v" McDevitt J. et al® built a

system and found that it had a
performance “comparable” to
the BioSampler.

CONCLUSIONS
» The SESI efficiency for viable HIN1 capture

RESULTS

Early formation of influenza virus-specific
CPE in cells

(a) Noninfected ATCC MDCK cells
(negative control, 3 days postseed)
(b) ATCC MDCK cells inoculated with influenza virus

Time (mf

Viable influenza virus collection efficiency of SESlas a
function of different collection time and concentration

Viability number

v'Viable collection efficiency of SESI
(77.3 £ 9.4)% vs BioSampler (6.5 =
2.8)%.

¥'No significant collection efficiency
difference  for different starting
concentrations and different collection
times.

v'For collection times ranging from 3
min to 15 min, the viable HINI
captured by the SESI was averaged 12
times higher than for the BioSampler,

“'with inferred airborne concentrations

of 4200+380 virusesL of air as
compared with 470+160 viruses/L for
the BioSampler.

is 12 times higher than that of the BioSampler.
Water condensational  particle  growth
technology  significantly increases the
collection efficiency of viable influenza HIN1.
It achieves this by amplifying the diameter of
aerosolized virus particles while minimizing
damages/inactivation of the virus particles
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How can we operationalize the One
Health approach?



SESSION FOUR: Successful Approaches or Systems for
Implementing One Health—Examples From Other
Sectors (Professional, NGO, International, and Academia)

Examples of behaviors that can prevent progress,  Examples of behavioral changes leading 1o
how they were identified as the root factor, and sustaina h

hovw political will was e xd 1o implement

One Health were presented and discussed.

Panel: John Mackenzie, Curtin University ol Technology, Laura Kahn, Princeton
University, Manish Kakkar, Public Health Foundation of India, Roland Suluku, Animal

Health Clubs (Sierra Leone)

SESSION FIVE: Creating a Shared View of Success
for One Health

( V s for One Health in terms of outcomes and benefits in order
to create a collective view for the group.

Panel: Lonnie King, The Ohio State University, Jian Du, China Ministry of Agriculture,
John McDermott, International Livestock Research Institute

Operationalizing
“One Health”:
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